peptide to membranes that also contain the channel-forming peptide gramicidin A allowed us to observe the membrane adsorption of A1AT. The protein interacts with the channel and produces transient current interruptions. The on-rate of these events depends non-linearly on the A1AT concentration and scales with the mole percentage of the charged lipid in the membrane. The measured off-rate is surface-charge independent. Thus, our results suggest that the membrane lipid composition plays an important regulatory role in the physiological activity of the A1AT and its interaction with the membrane. Pulmonary surfactant is a complex mixture of lipids and proteins whose main function is to reduce surface tension at the alveolar air-liquid interface in order to avoid alveolar collapse at the end of expiration and facilitate the work of breathing. It is composed by around 90% lipids and 8-10% specific proteins, including the hydrophobic SP-B and SP-C. In this study, we have analyzed the effect of hydrophobic surfactant proteins on the permeability of phospholipid membranes by two different approaches: fluorescence microscopy of giant vesicles (GV) and electroconduction in planar lipid membranes. The effect of surfactant proteins on the permeability of GV membranes was assessed under the microscope using the fluorescent water-soluble probes FMÒ1-43 and calcein. Membrane-sensitive FMÒ1-43 only labels the external leaflet of membranes, and calcein emits green fluorescence in aqueous media. Neither can permeate through pure lipid membranes. In the presence of physiological amounts of SP-B and SP-C, giant oligolamellar POPC vesicles incorporated FMÒ1-43 in every single membrane when added to the external medium and were also permeable to calcein. These results suggest the existence of direct connections between aqueous compartments of GV in the presence of these proteins. On the other hand, planar lipid membranes (PLM) have been widely used to study ionic permeation through phospholipid bilayers mediated by membrane proteins. Permeability of bilayers incorporating small amounts of hydrophobic surfactant proteins has been analyzed in PLMs prepared by the dual monolayer technique. Conductance and selectivity experiments as well as noise analysis of the signals were performed. All our measurements indicate the formation of channel-like structures with defined properties in terms of ionic conductance and selectivity. Possible implications of membrane-permeabilizing structures in the biological context of the pulmonary surfactant system will be discussed.
1832-Pos Board B742
The Pivotal Plane of Phosphatidylethanolamine is Unaffected by the Hydrophobic Surfactant Proteins Mariya Chavarha, Leonard E. Schulwitz Jr., Shankar B. Rananavare, Stephen B. Hall. Available evidence suggests that the hydrophobic surfactant proteins (SP), SP-B and SP-C, promote adsorption of the surfactant lipids to the alveolar air/water interface by facilitating formation of a rate-limiting negatively-curved structure. In support of this model, the proteins induce several phosphatidylethanolamines to form inverse bicontinuous cubic phases, in which each leaflet has the same saddle-shaped curvature as the hypothetical intermediate. Proteins could promote formation of the cubic phases by altering the spontaneous curvature (c 0 ) of the phospholipids, which would change the dimensions of the inverse hexagonal (H II ) phase. With 1,2-dioleoyl phosphatidylethanolamine (DOPE) in excess water, the SP had no effect on the H II phase, suggesting a constant c 0 . The SP, however, might still change c 0 by shifting the location of the pivotal plane at which c 0 is calculated. To determine if the proteins shift the pivotal plane, we measured X-ray diffraction from DOPE with 0 -1% SP at 22 o C with different hydrations. Behavior at the different SP concentrations was indistinguishable. With increasing hydration the hexagonal lattice expanded until reaching the same limiting size at the same limiting hydration, indicating that the location of the Luzatti plane, which defines the boundary between the aqueous core and lipid, was unaffected. Detailed structural analysis of the latticedimensions at lower hydrations confirmed the existence of a pivotal plane at all levels of protein, and the derived location of the pivotal plane relative to the Luzatti plane (V p /V l ) showed no response to protein concentration. Since neither V p /V l , nor the location of the Luzatti plane change with SP, the location of the pivotal plane remains constant. Unaffected position of the pivotal plane confirms that the SP induce cubic phases without changing the spontaneous curvature. (Studies conducted at the Stanford Synchrotron Radiation Lightsource).
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1833-Pos Board B743
Extending Techniques to Prepare Asymmetric Vesicles to Additional Lipid Compositions: Lipid Structure Affects the Ability to Maintain Lipid Asymmetry Mi Jin Son, Erwin London. We recently developed a method in which methyl-beta-cyclodextrin (MbCD)induced lipid exchange was used to prepare model membrane vesicles with a stable asymmetry and which, like plasma membranes, have an outer leaflet rich in sphingomyelin (SM) and have an inner leaflet rich in ordinary glycerophospholipids, such as phosphatidylcholine (PC), phosphatidylethanolamine, and phosphatidylserine. Experiments were carried out to determine how the phospholipid head group and acyl chain structure affected the ability to form stable asymmetric vesicles with SM-rich outer leaflets. In addition to the examples given above, stable asymmetric vesicles could be formed with inner leaflets rich in phosphatidylglycerol or cardiolipin. When PC with different acyl chain structures were compared, asymmetric vesicles with inner leaflets rich in PC could be formed when PC had one saturated acyl chain and one mono or polyunsaturated acyl chain, two monounsaturated acyl chains of various lengths, or when the PC had phytanoyl acyl chains, but not when the PC had two polyunsaturated acyl chains, although SM could be exchanged into vesicles in every case. The lack of asymmetry when vesicles had lipids with two polyunsaturated acyl chains was due to fast flip-flop. Based on these studies, and because lipids with two polyunsaturated acyl chains are of very low abundance in nature, we conclude that, at least in the absence of proteins, natural membranes of various compositions can maintain stable lipid asymmetry. These studies show that asymmetric vesicles with a wide variety of inner leaflet lipids can be prepared.
1834-Pos Board B744
Triton X À100 and TM Helices Increase Ordered Domain (lipid Raft) Size Priyadarshini Pathak, Erwin London. It has been postulated that the formation of co-existing liquid ordered (Lo) domains rich in sphingolipids and cholesterol and liquid disordered (Ld) domains rich in unsaturated lipids, has an important role in cell membrane structure and function. Detergent TX-100 favorably partitions into and dissolves the Ld phase. It is used to isolate insoluble Lo-like membranes known as detergent resistant membrane (DRM) from cells. The relationship between DRM and preexisting Lo domains in cells is not clear. We carried out experiments to find out how TX-100, and TM helices (which are cell membranes components), change membrane properties by investigating their effect on liposomes composed of brain sphingomyelin/1-palmitoyl-2-oleoyl-phosphatidylcholine/cholesterol. As measured by anisotropy and tempo quenching, methods that detect local environment at the nearest neighbor level, neither TX-100 nor TM helices affected the thermal stability of membrane order. In contrast, FRET, which detects proximity at longer length scales, detected that ordered domains disappeared at a lower temperature than that estimated from anisotropy or quenching, both with and without TX-100 and TM helices. FRET detected domains at higher temperatures in the presence of TX-100 or TM peptides than in their absence. The amount of ordered domains and their thermal stability appeared to increase as the interaction distance (Ro) of the FRET pair decreased. These differences are most easily explained by a difference in the size-sensitivity of the detection techniques, such that FRET is unable to detect Lo domains smaller than Ro in size, and by the conclusion that TX-100 increases ordered domain size. However, in presence of TM peptides, this increase in domain size is less evident, as the TM peptide by itself already increases domain size. Thus, in natural membranes the effect of TX-100 upon domain formation may not be significant.
1835-Pos Board B745
X-Ray Phase Contrast Imaging of Freestanding Lipid Model Membranes André Beerlink, Michael Mell, Tim Salditt. Membranes are considered as the most important interfaces in biology, and can be visualized under physiological conditions by optical techniques such as phase contrast and fluorescence light microscopy. While the contour lines and large lateral domains of biological membranes can be imaged, the density profile of the membrane and associated changes cannot be resolved by visible light. We report on hard x-ray phase contrast imaging of black lipid membranes (BLMs), which are freely suspended over a micro machined aperture in an aqueous solution. This new way of membrane structure analysis allows investigating bio molecular and organic sub-stances in aqueous environments by parallel and divergent beam propagation imaging, using partially coherent multi-keV x-ray radiation. The width of the thinning film is significantly smaller than the detector pixel size, but can be resolved from quantitative analysis of the intensity fringes in the Fresnel diffraction regime down to its native thickness of about 5nm. We have put forward a simplified but extendable model, which enables the theoretical description of image formation and charac-terization of membrane thickness and its decrease during the thinning process from a bulk to a bimolecular film. The structural changes can be obtained from both the loss of contrast and the asymmetry of the detected Fresnel fringes. On the basis of the recent experiments, future investigations will be performed to study the inte-ractions of membranes, as they are for example known from synaptic fusion, with high spatial resolution.
1836-Pos Board B746
Characterization of Lipid Asymmetry in Plasma Membrane-Derived Vesicles Lirong Chen, Kalina Hristova. Plasma membrane-derived vesicles are a good model system for studies of membrane protein interactions in mammalian membranes. In this project, our goal is to characterize the lipid asymmetry in the vesicles over time. The phospholipid distribution in the plasma membrane is asymmetric. Phosphatidylserine (PS) is predominantly found in the inner leaflets of the intact plasma membrane. Exposure of PS on the outer leaflet of the plasma membrane can be detected by annexin V, which preferentially binds to negatively charged phospholipids like PS. An assay is developed to study the lipid asymmetry in plasma membrane-derived vesicles using fluorescently labeled annexin V. Cells are vesiculated and FITC labeled annexin V is added to vesicles at different time points, and imaged using a confocal microscopy. A matlab program is developed to quantitatively analyze the intensity of FITC on the vesicles. As a control, the vesicles are scrambled completely by subjecting to freeze-thaw cycles and imaged. The results suggest that lipid asymmetry is lost during the vesiculation process.
1837-Pos Board B747
Electron Cryo-Tomography of Cilia-Associated Structures of Rod Photoreceptors Jared C. Gilliam, Juan T. Chang, Wah Chiu, Theodore G. Wensel. Vertebrate rod photoreceptors sense light with modified primary cilia known as rod outer segments. The regions of the cell surrounding the junction between the inner and outer segments, known as the connecting cilium or transition zone, are the sites of highly active biosynthetic activity, directional trafficking, and sorting of protein and membranes. Defects in the cellular machinery associated with these processes give rise to numerous blinding diseases, including the retinal ciliopathies, but their structures and compositions are poorly understood. The transition zone and adjacent structures are ideal subjects for electron cryo-tomography because the entire connecting cilium is thin enough for imaging over a wide range of tilt angles, and because this region contains many structures with contiguous surfaces and functional units that can be identified, including disks, endoplasmic reticulum, mitochondria, vesicle and plasma membranes, microtubule bundles of the axoneme and basal bodies, ribosomes, and the ciliary rootlet. We have generated multiple 3D reconstructions from tomograms of this region of mouse rods, and quantified the recurring features of these structures. The results reveal for the first time in quantitative detail the three-dimensional structure of ciliaassociated machines in a mammalian neuron, without distortions caused by fixatives, stains and sectioning. One surprising feature observed is a lack of continuity between basal disks and the surrounding, non-invaginated plasma membrane.
1838-Pos Board B748
A study of Functional ion Transport Using Tethered Membranes Bruce A. Cornell, Andrew Battle, Louise Brown, Sonia Carnie, Sophia C. Goodchild, Hedayetul Islam, Donald Martin, Boris Martinac, Russell Richards, Stella Valenzuela. Tethered membranes (t-BLMs) are lipid bilayers that are chemically attached to a solid surface. In the present studies the surface is gold on polycarbonate and the attachment chemistry, sulphur to gold. t-BLMs are more stable making possible longer and more complex experiments of model and biomembranes. t-BLMs have been used here to study the ion conduction properties of both native and mutant forms of four ion channels families including: the Na þ /H þ co-transport protein; the Voltage Dependent Anion Channel transporter (VDAC); the Chloride Intracellular Channel Family (CLIC); the Mechano-Sensitive Channels (MscL) and (MscS). Of the four channel types CLIC spontaneously inserts into the t-BLM, the MscL and MscS were transferred via a detergent rinse, and the VDAC and co-transporter families were transferred from proteoliposomes. A novel mixed tethered/mobile t-BLM system was used to overcome previous limitations impeding the insertion of ion channels into tethered membranes and overcoming the poor electrical seals which previously prevented the observation of the ion conductance of the inserted ion channels. The successful approach employs a mix of tethered and mobile lipid species. Tether densities in the range 10%-40% were used, permitting the incorporation of intrinsic membrane proteins with molecular weights in the range 15-50kDa into the untethered free lipid patches. The results of these studies will be compared with results for the same proteins studied using classical patch clamp techniques.
1839-Pos Board B749
Giant Protein Vesicles for Studying Membrane Proteins Jesper S. Hansen, Claus H. Nielsen. Giant vesicles offer a great potential as a native like cell-mimetic environment for protein reconstitutions and subsequent protein characterization. However, protein reconstitution into giant vesicles is not straightforward and the assembly procedures of giant vesicles generally preclude protein reconstitution. This has so far limited the use of these vesicles as a general biomimetic platform for studying membrane proteins and in novel membrane protein-based biotechnological applications. In this study we present a method for formation of giant protein vesicles (GPV). The method supports formation of GPV in physiological ionic strength buffers such as phosphate buffered saline, and does not require specialized equipment, specialized lipids and peptides or a dehydration/rehydration step. Moreover, the amount of reconstituted protein in the GPV may be controlled by the lipid-to-protein ratio of the large vesicles. We characterized GPV formation using the spinach aquaporin SoPIP2;1 and E. coli aquaporin AqpZ as model proteins of a-helical polytopic membrane proteins. Functional protein reconstitution into GPV is demonstrated with the light-driven proton pump Bacteriorhodopsin. We suggest that the described method may constitute a general and versatile method for the formation of GPV. This may open up for the possibilities of a more general use of membrane proteins in biotechnological applications including membrane protein biosensors, drug discovery, bioreactors, nano-machines and novel separation technologies.
